In this study, we investigated the effectiveness of a 12-week virtual reality exercise program using the Nintendo Wii console (Wii) in improving balance, emotion, and quality of life among patients with cognitive decline. Methods: The study included 30 patients with cognitive decline (12 female, 18 male) who were randomly assigned to an experimental (n= 15) and control groups (n= 15). All subjects performed a traditional cognitive rehabilitation program and the experimental group performed additional three 40-minute virtual reality based video game (Wii) sessions per week for 12 weeks. The berg balance scale (BBS) was used to assess balance abilities. The short form geriatric depression scale-Korean (GDS-K) and the Korean version of quality of lifeAlzheimer's disease (KQOL-AD) scale were both used to assess life quality in patients. Statistical significance was tested within and between groups before and after treatment, using Wilcoxon signed rank and Mann-Whitney u-tests. Results: After 36 training sessions, there were significant beneficial effects of the virtual reality game exercise on balance (BBS), GDS-K, and KQOL-AD in the experimental group when compared to the control group. No significant difference was observed within the control group.
INTRODUCTION
Dementia is a degenerative disease of the nervous system, which is prevalent in the elderly population. It involves deterioration in cognitive function and ability to perform everyday activities. As the early diagnosis and treatment of dementia is delayed, its economic costs and burden on families and society are gradually increasing and becoming a social problem. 1 Older people with dementia have an increased risk of falls and lower levels of everyday activities being performed due to cognitive decline and decreased muscle mass.
This is a result of reduced physical activity, which further deteriorates their quality of life. 2 Therapeutic interventions to improve cognitive function and to increase activities of daily living (ADL) in patients with dementia are divided into pharmacological and nonpharmacological treatments. For pharmacological treatment, acetylcholinesterase inhibitors and N-methyl-D-aspartate receptor antagonists are the most widely used in clinical practice. 3 However, because pharmacological treatment alone cannot prevent the progression of cognitive decline and ADL deterioration in patients with dementia, various non-pharmacological treatments including cognitive therapy or physical exercise are used as additional treatments. 4 However, unless individuals perform exercise in the long run, such beneficial effects of exercise may wear off, leading to impaired brain function and worsened disease. 10 Therefore, patients with dementia should continue exercise under the supervision of professional physical therapists in order to stop the progression of cognitive impairment for a long time. In order to achieve this, it is required to keep patients interested in the exercise therapy allowing them to maintain adherence. However, it is difficult to execute exercise treatment continuously in patients with dementia because of space, time, and cost issues in Korea. Patients get easily bored and tired of passive and simply repetitive forms of exercise treatment. In general, 20-50% of older people who start an exercise program will stop within six months. 11 Patients with dementia are expected to be more likely to discontinue exercise program due to lowered levels of patience and self-regulation abilities. Therefore, exercise programs utilizing media, including games, attempt to keep patients interested in exercise programs and to improve therapeutic effects. With recent advances in scientific technologies and computer programs, exercise and rehabilitation interventions using virtual reality are being introduced in the medical field. 12 Virtual reality refers to a computer-generated environment that allows users to have experiences similar to those in the real world. It is an interactive simulation characterized by technology that provides reality through various feedbacks. 13 While performing predetermined tasks such as playing a game in virtual reality, users manipulate objects as if they were real and can control their movements by giving and receiving various feedbacks via numerous senses such as sight and hearing. 14 The virtual reality-enhanced exercise consisting of exercise with computer-simulated environments and interactive videogame features allows patients to enjoy performing tasks, encourages competition, and creates motivation and interest in their treatment. 15 Participation in a virtual reality-enhanced exercise was reported to lead to higher exercise frequency and intensity and enhanced health outcomes when compared with traditional exercise. 16 However, despite these advantages, conventional virtual reality systems could not be widely available for patients in clinical settings due to several limitations including high costs and a large size. 17 Therefore, it is necessary to develop virtual reality exercise programs that are easy to follow in hospitals and at home. As an alternative, the use of computer-based individual training programmes is be- Song et al. 27 described that the number of samples required for two-sided independent t-test was at least 13 subjects per each group obtained from the results of previous studies on exercise therapy in older patients with degenerative diseases, considering the effect size of 0.7, significance level of 0.05, and the power of test of 80%. Initially, there were 15 participants in the experimental group and 17 in the control group of the present study. However, two patients dropped out from the control group (the dropout rate: 11.7%). Consequently, the total number of subjects was 30 including 15 individuals in the experimental group and 15 in the control group.
Present study was approved by the institutional review board (IRB) at the university hospital. Purposes and methods of the present study were fully explained to patients and anonymity of participants was guaranteed prior to their participation. Finally, a written consent to voluntarily participate in this study was signed. In addition, we explained to patients that they can withdraw from the study with their own or legal representative's intention at any time.
After receiving a written consent, data were collected twice before and after the intervention. Cognitive function of patients was assessed before the experiment using the mini-mental state examination-K (MMSE-K). 28 The MMSE-K consisted of seven domains: All the participants continued with their usual routine medical care.
The experimental group participated in both a virtual reality exercise program for 40 minutes per session three times a week and a cognitive rehabilitation program. Twelve weeks later, a follow-up study was conducted. There were no changes in the number of participants. Subjects in the control group were made unaware of the type of treatment they were receiving. All subjects were assessed by physical therapists who had more than 5 year experience in hospitals and neurologists. Professionals evaluating patients were unaware of assessment purposes.
Experimental methods

1) Virtual reality exercise program
Wii-Fit and Wii sports software produced by Nintendo (Nintendo Inc., Kyoto, Japan) was used for virtual reality exercise program.
Wii balance board, as part of the Wii-Fit program, contains a sys- Table 1 .
Participants were instructed to hold the remote controller in hands and to perform movements as if in actual sports while playing Wii sports games. After providing a sufficient explanation about virtual reality games and showing demonstrations to all participants, the interventions were initiated. For subjects who had difficulties in learning how to play a game, repeated demonstrations and explanations were provided to encourage their participation in the intervention. When the intervention was in progress, one physical therapist stayed nearby to implement a continuous safety management in preparation for falls. When any subject felt fatigued or dizzy, the individual was instructed to get enough rest and to resume to the game. All subjects received a diary to record their progress and scores. They were instructed to record if they performed at each exercise session, the length of exercise time, the presence or absence of side effects, aggravation of symptoms, and difficulties. All these data were being reported to therapists. In addition, satisfaction rate after the game was analyzed.
2) Measurements The QOL in patients was assessed using the Korean version of quality of life-Alzheimer's disease (KQOL-AD) scale. 32 It is the quality of life-Alzheimer's disease scale originally developed by Logsdon et al. 33 and adapted for local use in South Korea. KQOL-AD is an assessment technique designed for older adults with dementia to assess their own QOL. Advantages of KQOL-AD include simple 
Data analysis
Data was analyzed using SPSS ver. 12.0 for Windows (SPSS Inc., Chicago, IL, USA). Descriptive statistics was performed to determine general characteristics of subjects. Homogeneity test between experimental and control groups was performed using the two-sided χ 2 -test at a significance level of 0.05. Normality was determined using the Shapiro-Wilk test. Differences within group before and after intervention were analyzed using Wilcoxon signed rank test, a non-parametric test because normality was unmet. Differences between the groups when comparing effects of intervention were analyzed using Mann-Whitney u-test. The p-value was set at 0.05.
RESULTS
General characteristics of participants
A total of 30 subjects participated in the present study. The demographic characteristics of subjects are shown in 
Changes before and after experiment between and within groups
The results of the comparison are shown in Table 3 The degree of depression in the experimental group was significantly reduced after intervention (p < 0.05) whereas there was no significant change in the control group (p> 0.05). There were statistically significant GDS-K score differences before and after inter- There was a statistically significant score difference before and after intervention between the groups.
Satisfaction after Wii game
In terms of surveyed patient and caregiver satisfaction after using 
DISCUSSION
In the present study, we aimed to investigate the effects of a virtual reality exercise program in improving balance and QOL in patients with dementia. Although there have been many reports indicating that physical exercise therapy was effective as an intervention for patients with dementia, only few studies have attempted to determine whether virtual reality-based exercise programs applied with newly developed electronic game devices, are also useful.
In terms of improving balance to enhance postural instability in patients with dementia, there was a statistically significant difference between experimental group using virtual reality exercise program and the control group. In the experimental group, there was a balance difference of-5.36 ± 3.62 before and after intervention showing an increase in balance. There was also a statistically significant difference between the groups. Past studies report that, for the virtual reality intervention group consisting of chronic stroke patients, BBS score significantly increased from 44.42 points before to 51.18 points after intervention. And there was also a significant difference between experimental and control groups. 20 Kim et al. 34 reported that following virtual reality-based continuous slow exercise administered to older adults with a high risk of falls, their balance significantly improved in the experimental group compared with the control group. Lee et al. 35 reported that virtual reality exercise program administered to elderly women aged 65 years or older significantly increased balance abilities when compared with the treadmill walking exercise group. In addition, a study of Parkinson's disease 22 Virtual reality exercise program using Wii game also significantly improved balance in multiple sclerosis patients but not in a control group. 23 In a study reported by Esculier et al. 36 10 subjects with Parkinson's disease and 8 healthy subjects par- The results of the present study showed a statistically significant difference of degree of depression before and after intervention in the experimental group, indicating that the intervention program had benefit effects on depressed patients. Shin et al. 37 reported that game-based virtual reality reduced depression and improved the QOL in chronic stroke patients. A study by Hertz et al. 38 indicated that 20 patients with Parkinson's disease who performed various
Wii sports games such as boxing or tennis without the balance board three times a week during 8 weeks, showed improvements in activities of daily living, motor function, and depression when compared to baseline. However, it was mentioned that when subjects were reevaluated after not playing the game for one month, the outcome measures returned to the baseline level, and thus it is important to adhere to virtual reality exercise program like in other exercise programs. Interestingly, 60% of subjects wanted to buy the game in order to play the Wii even after the completion of that study. Looking at satisfaction with the video game found in the present study, more than 80% of the respondents said that the intervention was helpful in patient care and more than 70% responded that they would continue to use the video game. This shows that overall satisfaction with the video game was very high.
The reasons why QOL improved in the experimental group using the Wii are considered to be social and emotional benefits that game-based virtual reality programs can offer. These are listed as follows. First, the concentration of game users increased. In the case of virtual reality-based exercise program, patients may look at it like a game but not like a therapeutic situation. Responding to audiovisual stimuli that they receive through the screen makes them more interested in the program allowing to increase their exercise adherence and concentration. 15 Next, patients who are immersed in the game-based exercise may be encouraged by their competitive spirit and motivation to get more scores during the game. By this, the reward circuitry may be activated and dopamine secretion may be increased as a placebo result thereby improving depression. Consequently, patients can be actively involved in their treatment. 39 Finally, stress and anxiety can be relieved by playing such a game. In particular, the Wii can be easily installed at home and its operation is relatively easy. Wii can be used to play enjoyable games together with a family and is thus helpful in relieving anxiety.
However, there are a few limitations of the present study. First, the number of subjects in the experimental group was not large enough to apply results to the entire elderly population with cognitive decline. Second, the study period was relatively short, so that pre-existing cognitive rehabilitation therapy could influence the results.
Third, patients with non-severe symptoms were selected and patients with severe symptoms were excluded. Fourth, although the numbers of the patients who had considered Wii game helpful were very high, there were relatively less numbers of participants who would like to continue using the Wii game. This may be due to problems of advanced age of the participants. Finally, since studies Results of the present study showed that: 1) BBS scores and balance were improved in patients with dementia who performed Wii game-based virtual reality rehabilitation exercise program when compared to pre-intervention values. 2) There were improvements in the GDS, an indicator of depression, and the KQOL-AD score, an indicator of QOL. Wii game-based exercise program has advantages including small size, low cost, and it being easy to move and install at home and in hospitals. In addition, the fact that an increased interest in virtual reality may drive motivation of patients indicates the need for further studies applying Wii game-based programs to physical therapies in patients with dementia. In conclusion, virtual reality treatment using video games can be a cost-effective and safe intervention that can improve balance, increase activities of daily living, alleviate depression, and enhance the QOL in dementia patients.
